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PRESSURE-LOADED PANEL AND USE OF IT AT 
BOAT OR CONTAINER CONSTRUCTIONS 

The present invention relates to a substantially laterally pressure-loaded reinforced plastic 
5 plate with improved properties, e.g. a rectangular or trapezoidal area defined by 
stiffeners in the hull of a boat, a panel, the side aspect ratio of which, i.e. the relation of 
the longer sides to the shorter sides, is at least 1.5. In the following, this area is referred 
to as a panel, irrespective of whether it is positioned in the hull of a boat or used in some 
other embodiment as a laterally pressure-loaded reinforced plastic plate. 

10 

Traditional woven reinforcements are composed of threads that are positioned at an 
angle of 0° and 90° with respect to each other and bound to each other and interlace 
according to the desired weaving pattern. 

15 On the market there are new kinds of stitched reinforcement products, i.e. so-called 
multi-axial reinforcements that may be biaxial, triaxial and quadriaxial with fibre 
orientations in two, three or four directions in relation to each other respectively. They 
differ from traditional woven reinforcements at least so that the reinforcement threads 
form straight unidirectional fibre layers which do not cross the threads of another 

20 direction and which layers are typically bound to each other with a thin stitching yam and 
so that the threads of individual layers are typically either at an angle of ±45 or 0°/90° 
with respect to the longitudinal axis of the reinforcement. Multi-axial reinforcements of 
this type are commonly used in boat laminates and consequently, in boat panels. 

25 The purpose of the invention is to create an improved, substantially laterally pressure- 
loaded reinforced plastic plate, i.e. a panel, with a side aspect ratio at least 1.5. The 
purpose of our invention is thus to come up with a solution that among other things 
improves the mechanical properties of a pressure-loaded reinforced plastic plate, i.e. a 
panel, so that both the deflection and the stress level decrease in comparison with a 

30 laminate that is reinforced at an angle of 0°/90° or ±45° with respect to the longer side of 
the panel. 
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The characteristic features of a substantially laterally pressure-loaded reinforced plastic 
plate, i.e. a panel, according to the invention are disclosed in the characterising portions 
of the appended patent claims. 

5 

In connection with this invention, term reinforcement layer is used to refer such layers of 
a panel that function as active reinforcing elements. For instance, in the surface layers it 
is possible to use layers that give the optimal properties as regards the desired surface 
quality, but which layers may have a reinforcing effect that deviates from the optimal 
10 effect. For example, chopped strand mat may be used as surface layers of this kind. An 
individual reinforcing layer is formed of a so-called unidirectional reinforcement layer, 
i.e. a reinforcement layer of substantially parallel fibres. Individual reinforcing layers can 
be used to create so-called multi-axial reinforcements, the use of which facilitates and 
accelerates the assembly of an entire reinforcement structure. 

15 

The basic idea of our invention is the realization that the reinforcements (where the 
threads of individual layers are arranged typically either at an angle of ±45° or 0°/90° 
with respect to the longitudinal axis of the reinforcement) in the laterally pressure-loaded 
reinforcement plates i.e. panels used nowadays may be positioned in a new way in the 

20 panel, and consequently, the result would be a panel equal in weight as before. This new 
panel structure would, however, have better mechanical properties than before. What is 
meant with improved mechanical properties here is that in a lateral state of pressure, the 
deflection and the stress level of a panel according to the invention decrease in 
comparison with a panel constructed in some previously known manner. This kind of 

25 panel constructed in any known manner is formed of reinforcement layers that are 
positioned e.g. at an angle of 0°/90° or ±45° in respect of the longer side of the panel. In 
the following, the term basic laminate is used to refer to a structure of reinforcement 
layers constructed in this way. The basic laminate structure is used nowadays for 
example in boat panels. 

30 
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The idea according to the invention has later been tested with new calculation methods 
by using contrary to usual practice a non-linear analysis and element method which 
require an exceptionally great calculation capacity. 

5 

According to our inventive idea we started testing new kinds of panel constructions, 
where different side aspect ratios were selected for the pressure-loaded panel and the 
angle between fibre layers were changed. 

10 By using the new kind of multi-axial reinforcement it is possible to improve the 
mechanical properties of a pressure-loaded reinforced plastic plate so that in the state of 
lateral pressure both the deflection and the stress level decrease in comparison with a 
panel constructed in some previously known manner. We detected that for a typical boat 
laminate and a load on a boat, the optimal fibre angle is between 55° and 90° with a 

15 great side aspect ratio. 

The advantages of the laminate according to the invention are e.g. a reduction in the 
failure index by 10 % in comparison with the failure index of the basic laminate, an 
increase in stiffness by 5-10 % in comparison with the basic laminate, and consequently, 
20 a weight saving of approx. 10 % in the final product, i.e. the boat hull laminate, if its 
mechanical properties are to be kept unchanged. The failure index illustrates the 
measurement of stress level in each layer. If the failure index is below 1, the stress levels 
in a layer are below the highest allowed level. The first failure occurs when the failure 
index reaches the value of 1 . 

25 

In the following, the laterally pressure-loaded reinforced plastic plate according to the 
invention is described in detail by referring to the enclosed figures, of which 
Figure 1 shows schematically a traditional woven roving and a multi-axial 
reinforcement (of which a biaxial version is disclosed in the figure), 
30 Figure 2 illustrates the plates used in the study and particularly, the fibre angles and side 
aspect ratios thereof, 
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Figures 3-6 illustrate the deflection of the pressure-loaded reinforced plastic plates and 
the greatest failure index in the laminate with side aspect ratios of 1 .0, 1.5, 2.0 and 3.0. 

The research that was initiated based on this invention concentrated on studying by 
5 calculating both the effect of fibre orientation and the side aspect ratio of the plate used 
in the study on the deflection and the stresses of the laminate. The element method was 
used to calculate the behaviour of the panel with various side aspect ratios and various 
orientations of reinforcement fibres with respect to the long side of the panel. A typical 
boat laminate that contains partly multi-axial woven reinforcement material and chopped 
10 strand mat of E-glass in the surfaces was chosen as an example in the study. In 
calculations, e.g. E-glass was used as multi-axial reinforcement material. Also other 
materials may be used either as the only material or a partial material in the multi-axial 
reinforcement or in individual unidirectional reinforcement layers. 

15 Said laminate is symmetrical in relation to the centre plane. The first and the last layers 
consist of chopped strand mat (300 g/m 2 ) and in between, there are four layers of multi- 
axial woven reinforcement (920 g/m 2 ). The following stiffness values and strength values 
were used in the study: 
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A half a layer 
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Table 1: The stiffness and strength values of different layers. 
Subindex "1 " stands for "in the direction of the fibres" and 
subindex "2" for "perpendicularly to the fibre orientation". 

25 

In the study the length of the short side of the panel was always 0.5 m. The 0°/90° 
laminate was analysed for the sake of comparison. It represents the fibre orientations of 
the traditional woven roving. 

30 According to the study, thin pressure-loaded reinforced plastic plates behave non- 
linearly, i.e. with a high pressure load the deflection does not increase linearly with the 
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load. In order to achieve reliable results this feature has to be taken into account by 
performing a non-linear analysis. 



The non-linear static analysis of this study was performed by using NASTRAN 66 finite 
5 element program and a non-linear solver giving a suitable material model for reinforced 
plastic structures. The calculations were run on a CRAY X-MP super computer. 

The boundary conditions and material values used in all plates were identical. All the 
edges were supported by joint structures so that all rotations were free and 
10 displacements fixed. The panels were loaded with a uniform pressure of 30 kPa. In 
practice, this value corresponds to wave slamming load in a small boat. 

In the results the greatest deflection in the panel and the greatest failure index of the 
laminate were studied (according to the Tsai-Wu theory). The failure index illustrates the 
15 measurement of the stress level in each layer. If the failure index is below 1, the stress 
levels in a layer are smaller than the allowed level. The first failure occurs when the 
failure index reaches the value of 1. 

The results are presented in Figures 3-6. 

20 

Figure 3 shows that with the side aspect ratio of 1, the effect of fibre orientations on the 
deflection is fairly small. With respect to the failure index, the fibre orientations of ±45° 
are the most preferable. 

25 Figures 4 to 6 show that the behaviour of the panel is practically identical with side 
aspect ratios greater than 1.5. The smallest value of deflection is reached with the fibre 
orientation of 90°. The failure index is smallest with the fibre orientations of ^60°. In 
practice it can be noticed that the fibre orientations of ±55° - ±75° are applicable, 
preferably ±58° - ±65°, even though according to the figures, the best result is reached 

30 with the fibre orientation of ±60°. 
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Deflection of the plate 



The optimal fibre angle with a great side aspect ratio is between 75° and 90°. In 
comparison with the 0°/90° and ±45° laminate, the differences in deflection are in the 
5 range of 10 % with a great range of side aspect ratio. The differences are small with the 
side aspect ratio of 1 

Failure index: 

10 In all examples the failure index is greatest in the second layer, i.e. in the first 
reinforcement layer in the inside of the panel (on the side of the tension). The optimal 
fibre angle is between 60°-90°, except with the side aspect ratio of 1 when it is 45°. 
Compared with the 0°/90°-laminate, the failure index decreases approximately by 1 5 %. 

15 The invention relates to a substantially laterally pressure-loaded panel, the side aspect 
ratio of which being at least 1.5 and which panel being comprised at least of two 
reinforcement layers of substantially parallel fibres, i.e. unidirectional reinforcement 
layers, the predominant orientations of which form an angle with respect to the sides of 
the panel. Good results have been achieved, when the angle between the predominant 

20 fibre orientation of the unidirectional reinforcement layer and the longer side of the panel 
is approx. =t55° - ±75°, preferably approx. ±58° - ±65°, more preferably approx. s60°, 
and when approximately one half of the unidirectional reinforcement layers used in the 
thickness of the panel forms a desired + -angle with the longer side of the panel and 
correspondingly, approximately the other half forms a desired angle with the longer 

25 side of the panel. 

In an embodiment of the invention, a substantial part of the thickness of the panel and 
preferably 60-100 %, more preferably more than 70 % of the thickness of the panel, is 
30 composed of reinforcement layers that are formed of substantially parallel fibres, i.e. 
unidirectional reinforcement layers, the predominant orientations of said reinforcement 
layers forming with the longer side of the panel an angle of approx. ±55° - 75° and 
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preferably approx. ±58° - 65°, more preferably approx. ±60° Further, approximately one 
half of the unidirectional reinforcement layers used in the thickness of the panel forms a 
desired + -angle with the longer side of the panel and correspondingly, approximately the 
other half forms a desired — -angle with the longer side of the panel. 

In another embodiment of the invention at least two of the reinforcement layers of the 
panel are attached to each other by means of stitching, whereby these layers form a 
multi-axial reinforcement. 

In an embodiment of the invention a substantial part of the thickness of the panel and 
preferably 60-100 % and more preferably more than 70 % of the thickness of the panel 
is composed of reinforcement layers of multi-axial reinforcements. 

Pressure-loaded panels in accordance with the invention are preferably manufactured 
substantially of fibres of E-glass. Also other reinforcement fibre materials can be used as 
a partial material or as the only material in different reinforcement layers in the panel or 
in multi-axial reinforcements. 

Panels in accordance with the invention can preferably be used in boat and/or 
shipbuilding and also in other pressure-loaded tanks, pressure vessels and other 
corresponding structures that are subjected to a lateral pressure load. 
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